The aim of this study was to determine whether the predictive value of the intracarotid amobarbital test (IAT) for the side to be resected is applicable only to medial temporal lobe epilepsy and to investigate whether there are different patterns of memory performances on the IAT between patients with unilateral mesial temporal sclerosis (UMT group) and those without (non-UMT group).
INTRODUCTION
The Intracarotid amobarbital test (IAT) or Wada test constitutes an accepted component of the pre-surgical evaluations for temporal lobectomy. Besides determining the dominant side for language 1 , the IAT serves and has served as an indispensable pre-surgical step to prevent operated patients from developing severe amnestic syndromes following temporal lobectomy 2 . Recently, several authors have stressed the predictive value of the IAT, suggesting that lateralized memory deficits on the IAT, besides other measures such as MRI findings and various neuropsychological test procedures, might serve to determine the appropriate side for the lobectomy [3] [4] [5] [6] [7] [8] [9] . Further, Hamberger et al. 10 postulated that the IAT could distinguish between lateral and medial temporal lobe epilepsy (TLE). Although the excellent lateralizing value of the IAT has already been recognized, the localizing value postulated by Hamberger et al. remains to be amplified. We conducted the current study to confirm the lateralizing and localizing value of the IAT with a version of the mem-ory test procedure that was different from that of Hamberger et al., with special attention focused on medial temporal lobe epilepsy, which was one of the best candidates for the epilepsy surgery.
MATERIALS AND METHODS

Subjects
We studied 40 consecutive patients who underwent the IAT as a pre-surgical evaluation for intractable TLE between 1992 and 1997. They were selected as surgical candidates for temporal lobectomy, based on clinical, ictal, and interictal video-EEG (electroencaphalogy) monitoring with scalp and sphenoidal electrodes, neuropsychological as well as psychiatric assessment and neuroimaging information including MRI, SPECT and PET as listed in Table 1 . In one patient, a lobectomy was finally refused after all the pre-surgical evaluations. In another three patients, we decided against surgical interventions because depth EEG studies, performed as a result of inconclusive ictal video-EEG recordings with scalp and sphenoidal electrodes, contradicted the initially assumed unilateral medial temporal origin of the seizures, indicating either bilateral or an unexpected neocortical onset of seizures. The MRI suggested unilateral mesial temporal sclerosis in 30 out of the 40 patients (UMT group). The mesial temporal sclerosis was confirmed afterwards histologically. In the other 10 patients (non-UMT group), no evidence of unilateral mesial temporal sclerosis was found on MRI and seizure origin in the extra-amygdalohippocampal regions was suggested with depth EEG recordings: four had brain tumors or cavernous angioma in the temporal lobe; another seven exhibited seizure onset outside the medial temporal structures; and the other two showed bilateral independent seizure origins. The data from these subjects, such as sex, age at the time of the operation, duration of epilepsy, side of the lobectomy and language dominance, full-scale IQ, surgical results estimated according to Engel's classification 11 , and types as well as incidence of seizures are tabulated in Table 2 as a function of assignment to the UMT or the non-UMT group.
Intracarotid amobarbital test
The study was carried out with simultaneous EEG recordings. Ictal epileptiform activity was not found during the IAT in any case. The patient was asked to count and hold up his or her arms until arm hemiplegia was noted. During the IAT, language was assessed with naming seven pictures serially and subsequently repeating sentences consisting of two to five phrases. If the patients failed to name a given picture, the examiner named the picture instead. The repetition of the sentences was assessed repeatedly until the baseline level was regained. Eight minutes after the injection of sodium amobarbital, when the baseline level of the language was recovered without exception, memory was evaluated by yes or no recognition of the seven pictures presented initially as the naming task. For yes or no recognition, a series of 14 words were presented randomly, with seven being those actually presented initially during the IAT and the other seven being foils. Hemispheric memory performance was defined as the number of correct negative and positive recognitions among the 14 words thus presented. A pre-test was conducted 1 to 2 days before the IAT to familiarize the patient with the protocol and to obtain control data. The memory achievement of the pre-test was used as the point of reference. Memory for each hemisphere was scored based on the hemispheric memory performance divided by the pre-test memory performance. A score of less than 0.8 was given as a cut-off point, indicating impaired memory for that hemisphere. The t-test and chi-squared test were used for statistical analysis with Yate's modification for small number. 
RESULTS
Clinical characteristics
There were no significant differences in the various clinical variables shown in Tables 2 and 3 except for age at epilepsy onset and surgical outcome. Age at onset of epilepsy was significantly younger in the UMT group than in the non-UMT group (t = 3.04, F = 1.55, P < 0.01). Surgical outcome was significantly better in the UMT group than in the non-UMT group (Table 2 ) (chi-squared = 11.5, P < 0.01, Yate's modification). In the non-UMT group, the class 1 outcome was achieved only in cases with brain tumor.
Lateralizing value of IAT
Among the 40 patients who underwent IAT, recognition during the IAT was non-lateralizing in 13 patients. While four patients demonstrated bilateral impairment of recognition memory, the other nine patients showed no reduction of memory score on either side with IAT. The unilateral left-as well as right-sided memory deficit agreed with the side of the lobectomy in 10 patients (Table 4 ). This lateralizing value of the IAT was confirmed statistically (chi-squared = 12.68, P < 0.01).
Memory performances on the IAT for the UMT vs. non-UMT group
Direct average scores from the Wada test in the UMT group indicated a clear tendency that injection into the lesional side did not influence the memory function; whilst injection into the non-lesional side lowered the memory function. In contrast, such a principle was not true of the non-UMT group (Table 5 ). a Concordant or discordant to the side of lobectomy. All of the three patients with falsely lateralizing memory deficits on the IAT were members of the non-UMT group. This association between falsely lateralizing memory deficits and non-UMT group was statistically significant (Table 6 ) (chi-squared = 7.69, P < 0.01, Yate's modification). The tendency of the unilateral memory deficit to be right-sided was notable in the non-UMT group (eight out of nine patients). The incidence of the unilateral right-sided memory deficit in the non-UMT group (88%) was twice as high as that in the UMT group (44%). Excluding cases with exceptional right-sided language dominance in spite of right-sided lesions from analysis, this difference reached a statistically significant value (Table 7 ) (chisquared = 4.37, P < 0.05, Yate's modification). Both of the two patients who exhibited paradoxical rightsided language dominance belonged to the non-UMT group.
DISCUSSION
The results of our study agreed well with previous reports, postulating that the failure of the IAT memory performance limited to one hemisphere indicates seizure origin in that hemisphere and that a correctly lateralized IAT is coupled with an excellent surgical outcome [3] [4] [5] [6] [7] [8] [9] . The incidence of the asymmetric interhemispheric memory performance in the current series (67.5%) agreed well with that of Loring et al. 7 (65%), that of Hamberger et al. 10 (66%), and that of Sperling et al. 9 (70%). There was also a perfect concordance as regards the ratio of correctly lateralized IAT between the current series (78%) and those of Sperling et al. 9 (79%). Although the series reported by Wyllie et al. 8 showed a comparatively low incidence of the lateralized memory performance (46%), the rate of correctly lateralized IAT was comparatively high (82%). Lancman et al. 12 pointed out such an inverse interrelationship between sensitivity and specificity of asymmetric recall on the IAT. However, the current study suggested that the predicative value of the IAT could not be accepted without reservation. That is, an IAT memory test could accurately predict the side to be resected only if unilateral medial TLE was concerned. In other words, an IAT memory performance might be, even if lateralized, misleading in patients without medial temporal lesions.
Hamberger et al. 10 pointed out asymmetric interhemispheric memory performance on IAT and age at first risk for seizures as the main discriminative factors between neocortical and mesial temporal lobe epilepsy. With some modifications, this was also true of the current series. There were significant differences in age at onset of epilepsy, surgical outcome, and correctly lateralized memory performance on the IAT between the UMT and non-UMT group. Considering that younger age at onset of epilepsy and excellent surgical outcome have been recognized as clinical characteristics of medial TLE [13] [14] [15] [16] , a correctly lateralized IAT memory performance could be regarded as another salient feature of medial temporal lobe epilepsy.
It has long been recognized that patients with early brain damages on the left side tend to develop compensatory left handedness and right-sided language dominance 17, 18 . Excluding exceptional cases from analysis, in which language dominance was reversed with the background of the right-sided lesion, the preponderance of the right-sided memory deficits on the IAT in the non-UMT group became statistically significant. Because the medial temporal structure including the hippocampal region are presumably intact in the non-UMT group, we suspect that this bias of the IAT memory deficits toward the right side reflects a natural lateralization of the memory organization. In other words, we suspect that, in intact states, left medial temporal structure might be mainly responsible for memory function at least as far as meaningful objects are concerned. Our study also suggested that this memory dominance was presumably independent of the language dominance. The preponderance of the rightsided memory deficits in the non-UMT group could easily be explained by postulating that lateral TLE, even if originating from the left hemisphere, does not alter the dominant side for memory function and that left medial TLE reverses the dominant side fairly constantly.
The overrepresentation of the right-sided memory deficits on the IAT in patients with lateral TLE was not noted by Hamberger et al. Because their inclusion of nonsense figures among the items to be recalled on the IAT, which are assumed to be processed in the right hemisphere, should have obscured such a memory dominance as we found, this discrepancy might be more apparent than real.
